This study examined effects of coagulation and fractionation of natural organic matter on the distribution of trihalomethanes (THM), haloacetic acids (HAA), and haloacetonitriles (HAN) formed in chlorinated water. The precursors of HAA and THM were determined to be associated primarily with the hydrophobic fraction although the hydrophilic fraction is important as well. On the other hand, the precursors of HAN are overwhelmingly hydrophilic with only a negligible contribution of the hydrophobic and transphilic fractions. Higher percentages of HAN were found in the treated waters compared with raw waters, collected from three different full scale water treatment plants. Very strong correlations were found between THM, HAA, and HAN concentrations. Two main correlations between THM and HAN were observed. One was applicable to all raw waters regardless of their fractionation and provenance, while the other was formed by the treated waters, again regardless of their source and fractionation. This result emphasizes that a significant removal of THM and HAA precursors can be achieved via coagulation but it results in a negligible removal of HAN precursors.
INTRODUCTION
Chlorination of drinking water in public facilities was one of the most important public health measures during the twentieth century because it reduced the transmission of deadly waterborne diseases such as typhoid and cholera. Apart from the limited disinfection efficiency against some chlorine-resistant pathogens, the main drawback of chlorination is the formation of harmful disinfection by-products (DBP) that result from reactions between chlorine and both natural organic matter (NOM) present in all source water or effluent organic matter (EfOM) occurring in wastewater impacted water bodies (Krasner et al. ; Sedlak & von Gunten ) .
The content and reactivity of NOM and EfOM plays a major role in the formation of DBP (Leenheer & Croue ; Krasner et al. ) , but other water quality parameters (e.g., pH, temperature, bromide, and iodide) can impact the concentration and speciation of DBP (Obolensky & Singer ) . Trihalomethanes (THM) and haloacetic acids (HAA) are generally present at the highest levels (from a few to hundred ppb) in chlorinated drinking water. Among known but unregulated DBP, several species have been found in drinking waters at much lower concentrations than those of THM and HAA but their potential toxicity is higher (Roccaro et 
MATERIALS AND METHODS

Water sources and materials
Experiments were conducted using water samples from the inlet and outlet of a water treatment plant (WTP) that treats the water from Ancipa reservoir (Sicily, Italy) and water samples from the Potomac River (Washington, DC) and from two WTPs (McMillan and Dalecarlia) that utilize its water.
The dissolved organic carbon (DOC) concentration of the Ancipa Inlet (influent of the WTP) sample was 2.9 mg/ L, SUVA 254 was 2.8 L mg À1 m À1 (SUVA: specific ultraviolet absorption). On the other hand, the DOC in Ancipa Outlet (effluent of the WTP) sample was 2.0 mg/L, SUVA 254 was 1.8 L mg À1 m À1 . Both Ancipa Inlet and Outlet were also fractionated and the effluents from the XAD-8 (namely Sodium sulfite or ammonium chloride was used to quench the residual chlorine. Chlorinated samples were refrigerated at 4 W C for no more than 10 days before being analyzed for DBP concentrations. 
RESULTS AND DISCUSSION
Impact of coagulation on the removal of organic precursors in the formation THM, HAA, and HAN It is noteworthy that the treated water contains a higher bromide to DOC ratio because of the negligible removal of bromide by coagulation. Therefore, the higher contribution of a specific class of DBP in the treated water (Figure 1) may be ascribed to the higher bromide to DOC ratio. For instance, Table 1 The contributions of the HPI fraction to TTHM yields for chlorinated Ancipa Inlet waters was somewhat higher than those of the HPO and THP fractions, as shown in Figure 2 .
In particular, the contribution of the HPI fraction increases On the other hand, all the NOM fractions contributed extensively to THAA yields (Figure 2) , with especially prominent contributions of both THP and HPI fractions in Ancipa Outlet water. These results further support the point that the HPO fraction plays an important role in TTHM and THAA formation but the HPI fraction also contains important precursors for TTHM (Liang & Singer ; Zhao et al. ) and for THAA formation (Kim & Yu ) .
Contributions of the examined NOM fractions in THAN yields were different, with the HPI fraction being the dominant part of NOM contributing to THAN (Figures 2 and 3) .
In fact, relative THAN yields increased after coagulation confirming that the HPI fraction contains the major precursors for THAN and that coagulation does not remove this fraction.
Similarly to the effect of coagulation on the bromide to DOC ratio, also the fractionation of NOM used in this study increases the bromide to DOC ratio of the resulting solutions and therefore the speciation of THM, HAA, and THAN, as shown in Table 1 
